The hIAPP samples used in this study were synthesized according to the procedures previously described.
high-resolution time-of-flight mass spectrometer. 5 To investigate the effects of insulin on the morphology of the insoluble aggregates from the samples, aliquots from the incubated samples were dried on freshly cleaved mica and imaged with an Asylum Research MFP-3D-SA atomic force microscope (Asylum Research, Santa Barbara, CA). Ion mobility measurements were recorded using a custom built instrument 6 with a nano-electrospray ionization (ESI) source, ion funnel, ion mobility drift cell and quadrupole mass analyzer. Gold-coated borosilicate capillaries were filled with 5 µL of the sample solution, and subjected to nano ESI. The ions entered the instrument through a small orifice (0. Since the ions are pulsed into the drift cell, they arrive in a packet at the detector, termed an arrival time distribution (ATD). The arrival time is proportional to the reduced mobility which is inversely proportional to the collision cross section 7 . The cross sections with ±1-2% error reflect the molecular "shape" of the ions and provide important structural restraints for the MD simulations.
Molecular Dynamics Simulations
The AMBER 8 8 simulation package was used in modeling the complexes formed by insulin and IBC with hIAPP. The AMBER all-atom point-charge protein force field, ff96 9 with an implicit solvent IGB=5, was used to model the peptides in this study. Recent accomplishments of this force field combination include both the successful ab initio folding of α, β, and α/β proteins 3, 10-13 and the correct characterization of interdomain dynamics of a multi-domain signal protein 14 . The starting monomer conformation of IBC with zero charge was derived from a X-ray structure of insulin (PDB code: 1GUJ).
A long constant temperature MD (1000 ns) simulation was used to relax the IBC following removal of IAC, and the last snapshot was used in the complex formation simulation. The starting monomer
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conformations for +4 hIAPP was taken from our previous replica exchange molecular dynamics (REMD) simulations in implicit solvent. 3 The +4 hIAPP peptide adopts two major conformation types: a compact helix-rich conformation and an extended -sheet rich conformation (Fig. 5 of Ref. 19 ). For each conformation type, we constructed a heterodimer system with a total charge +4, which matched the experimental charge value, for two simulation runs. In each run the two monomers were started 40 Ǻ apart in order to model their association. The same protocol was repeated to construct the complex system between +4 hIAPP and -2 insulin monomer (PDB code: 1GUJ).
In order to improve sampling efficiency, a harmonic distance restraint was used to keep the two peptide monomers close to each other, i.e. when the center-to-center distance was bigger than 60Ǻ, a harmonic force (20 kcal/mol/Ǻ 2 ) was applied to shorten the distance of between the two moieties .
Solution phase structures were generated using the recent implicit solvent model (IGB=5) 15 plus the surface term (GBSA=1, 0.005 kcal/Å²/mol) to represent water solvent effects with an effective salt concentration of 0.2 M. For each simulation, an initial energy minimization was performed on the constructed system and the minimized structure was used as the input for a MD simulation of 1000 ns.
Initial velocities for each system were generated according to the Maxwell-Boltzmann distribution at 300 K. SHAKE 16 was applied to constrain all bonds linking hydrogen atoms and thus a time step of 2.0 fs is used. In order to reduce computation time, non-bonded forces were calculated using a two-stage RESPA (reference system propagator algorithm approach) 17 where the fast varying forces within a 12 Å radius were frequently updated (e.g. every step) and those beyond 12 Å are updated every two steps. Langevin dynamics was used to control the temperature 300 K using a collision frequency of 1.0 ps 
Selection of Stable heterodimer and its Collision Cross Section Calculation
For each complex system, atom contacts between the two monomers (cutoff of 3.0 Ǻ) were calculated to characterize the association process. The stable heterodimers (atom contact greater than 50)
formed in all systems are given in Figure S9 & S11. For these stable systems, the multiple snapshots in the last 100 ns of the trajectories (a snapshot per 10 ns) were used to calculate the binding energy between two monomers ( ΔE(complex)-[E(monomer1) + E(monomer2)] ) using the MM-GBSA (Molecular Mechanics-Generalized Born/Surface Area) module in the AMBER package. 8 Although MM-GBSA may overestimate the binding energy difference due to lack of the solute conformation entropy term, the qualitative trend is reliable. Furthermore, the structures of IBC:IAPP complexes were also used to calculate the cross section by a trajectory method. 18, 19 In order to better correlate with the solvent free experiments, these solution phase structures were converted to 'dehydrated' structures via an energy minimization (500000 steps) in vacuum prior to cross section calculations 20 . This "dehydration" reduces the overall size of the structures, while maintaining their solution structural features and in this paper these structures are referred to as "dehydrated solution structures". . Mass spectra of insulin (20µM) at pH 5.5 over the course of several days. Initially, the mass spectrum is nearly identical to the mass spectrum of an insulin sample at pH 7.4 described in Figure S1 . However, after 1 day, the oligomeric peaks begin to disappear as insulin aggregates and falls out of solution and by 3 day only monomer peaks are left. 
